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PREFACE
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were used for the test portion of the work and for the ’analytical extrapolation.’

A Volkswagen research vehicle with advanced crashworthiness characteristics was provided

by Volkswagen to demonstrate and document compatibility with an advanced diesel engine design

(Integrated Research Vehicle). Through the effort the Diesel engines were evaluated in the context

of an integrated vehicle system with the aspects of fuel economy, environment, consumer require-

ments and cost in mind.
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the Department of Transportation-Transportation Systems Center and Dr. K. Digges of the Depart-

ment of Transportation-National Highway Traffic Safety Administration.
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NO CONCENTRATION (PPM)
70 HP TURBOCHARGED RESEARCH DIESEL ENGINE

34



B.M.E.P.

(BAR)

SPECIFIC FUEL CONSUMPTION (G/KHh)

70 HP TC DIESEL ENGINE NITH MODULATED E.G.R.

35



(
BAR

!

ENGINE SPEED (JO RPM

)

OIL TEMPERATURE (CELSIUS)
70 HP TC DIESEL ENGINE WITH MODULATED E-G-R.

36



B-M.E.P.

1
BAR

}

TURBOCHARGE PRESSURE (TORR)

70 HP TC DIESEL ENGINE WITH MODULATED E-G-R-

37



AIR TO FUEL RATIO
70 HP TC DIESEL ENGINE WITH MODULATED E-G-R-

38



(BAR)

EFFECTIVE E.G.R. (X)

70 HP TC DIESEL ENGINE WITH MODULATED E-G-R.

39



f
BAR

1

SMOKE (BOSCH NUMBER)
70 HP TC DIESEL ENGINE WITH MODULATED E-G-R-

H- U



B
*M

*E

*P

•

(
BAR

)

HC EMISSION (G/KWH)
70 HP TC DIESEL ENGINE WITH MODULATED E -G-R

.

41



i
BAR

)

HC CONCENTRATION (PPM)
70 HP TC DIESEL ENGINE WITH MODULATED E-G-R.

42



B-M-E.P.

(BARI

CO EMISSION IG/KWh)
70 HP TC DIESEL ENGINE WITH MODULATED E-G.R.

43



B»M*e*P*

(BAP)

CO CONCENTRATION (X)

70 HP TC DIESEL ENGINE WITH MODULATED E-G.R-

44



NO EMISSION (G/KWH)

70 HP TC DIESEL ENGINE WITH MODULATED E-G-R.

45



NO CONCENTRATION (PPM)

70 HP TC DIESEL ENGINE WITH MODULATED E-G.R.

46



B.M.E.P.

(BAR)

SPECIFIC FUEL CONSUMPTION IG/KWH)
70 HP TC DIESEL WITH WATER INJECTION

47



OIL TEMPERATURE (CELSIUS)
70 HP TC DIESEL WITH WATER INJECTION

48



TURBOCHARGE PRESSURE (TORR)
70 HP TC DIESEL WITH WATER INJECTION

49



WATER TO FUEL RATIO (*)
70 HP TC DIESEL WITH WATER INJECTION

50



B.M.E.P.

(BARI

AIR TO FUEL RATIO
70 HP TC DIESEL WITH WATER INJECTION

51



B.H.E-P.

i
BAR

)

SMOKE (BOSCH NUMBER)
70 HP TC DIESEL WITH WATER INJECTION

52



HC EMISSION CO/KWH)
70 HP TC DIESEL WITH WATER INJECTION

53



HC CONCENTRATION (PPM)

70 HP TC DIESEL WITH WATER INJECTION

54



CO EMISSION (G/KWH)
70 HP TC DIESEL WITH WATER INJECTION

55



CO CONCENTRATION (%)

70 HP TC DIESEL WITH WATER INJECTION

56



B.M.E.P.

(BAR)

NO EMISSION IG/KWH)
70 HP TC DIESEL WITH WATER INJECTION

57



NO CONCENTRATION (PPM)

58



•
E

•
P

•

(
PAR

)

engine speed c0

SPECIFIC FUEL CONSUMPTION (G/KklH)
5 CYLINDER 130 CID N-fl. DIESEL ENGINE

59



(
BAR

)

OIL TEMPERATURE (CELSIUS)
5 CYLINDER 130 CID N . A . DIESEL ENGINE

60



(
BAR

J

RIR TO FUEL RATIO

5 CYLINDER 130 CID N * A * DIESEL ENGINE

61



SMOKE (BOSCH NUMBER)

5 CYLINDER 130 CID N . A - DIESEL ENGINE

62



(
BAR

)

63



{
BAR

)

HC CONCENTRATION (PPM)

5 CYLINDER 130 CID N . A . DIESEL ENGINE
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(
BAR

)
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ENGINE SPEED (10 PPM I

CO EMISSION { G/KNH

)

5 CYLINDER 130 CID N -R * DIESEL ENGINE

65



(
BAR

]

CO CONCENTRATION (%)

5 CYLINDER 130 CID N-fl- DIESEL ENGINE

66



NO EMISSION (6/KWH)

5 CYLINDER 130 CID N-fl- DIESEL ENGINE

67



(
BAR

)

NO CONCENTRATION (PPM)

5 CYLINDER 130 CID N . A - DIESEL ENGINE

68



SPECIFIC FUEL CONSUMPTION (G/KHH)

6 CYLINDER 146 CID N-f). DIESEL ENGINE

69



ENGINE SPEED (10 RPH)

OIL TEMPERATURE (CELSIUS)
6 CYLINDER M6 CID N-A- DIESEL ENGINE

70



(BAR)

AIR TO FUEL RATIO
6 CYLINDER 146 CID N-A- DIESEL ENGINE

71



SMOKE I BOSCH NUMBER)

6 CYLINDER 146 CIO N - R - DIESEL ENGINE

72



B.M.E*P.

(BAP)

HC EMISSION (G/KWH)
6 CYLINDER 146 CID N-A- DIESEL ENGINE

73



B
*M

*£

*P

.

(BARI

HC CONCENTRATION (PPM)

6 CYLINDER 148 CID N-A- DIESEL ENGINE

74



B.M.E.P.

(BAR)

CO EMISSION te/KWH)

6 CYLINDER 146 CID N.fl. DIESEL ENGINE

75



-E

»P

•

C
BAR

1

CO CONCENTRATION (7.)

6 CYLINDER 146 CID N . A * DIESEL ENGINE

76



B
»M

*E

>P

•

(BAP)

no: emission (G/knh)
6 CYLINDER 146 CID N . A . DIESEL ENGINE

77



B
•
M
*
E

*
P
•

(BAR!

NO CONCENTRATION (PPM)

6 CYLINDER H6 CID N-A- DIESEL ENGINE

78



B
*M

*E

*P

»

(BAR)

SPECIFIC FUEL CONSUMPTION (O/KWH)
50 HP DIESEL, FUEL 15275

79



OIL TEMPERATURE (CELSIUS)

50 HP DIESEL, FUEL 15275

80



B
*M

*E

*P

*

(BAR)

AIR TO FUEL RAT 1

0

50 HP DIESEL. FUEL 15275

81



SMOKE I BOSCH NUMBER)
50 HP DIESEL. FUEL 15275

82



B*M*E

»P»

(BAR)

'I

I

HC EMISSION IG/KWH)

50 HP DIESEL, FUEL 15275

83



HC CONCENTRATION (PPM)

50 HP DIESEL. FUEL 15275

84



B

*M»E

*P

•>

(BAR)

CO EMISSION (G/KHH)

50 HP DIESEL. FUEL 15275

85



CO CONCENTRATION 1%)

50 HP DIESEL * FUEL 15275

86



B.M-E-P*

(BARI

NO EMISSION (G/IKWH)

50 HP DIESEL, FUEL 15275

87



B

*M*E

*P*

(BAR)

NO CONCENTRATION (PPM)

50 HP DIESEL, FUEL 15275

88



SPECIFIC FUEL CONSUMPTION ( G/KWH

)

50 HP DIESEL, FUEL 16086

89



(BAR)

OIL TEMPERATURE (CELSIUS)
50 HP DIESEL, FUEL 16086

90



AIR TO FUEL RATIO
50 HP DIESEL, FUEL 16086

91



(
BAR

I

!

SMOKE ( BOSCH NUMBER)

SO HP DIESEL, FUEL 16086

92



(BAR)

HC EMISSION IG/KWH)

50 HP DIESEL » FUEL 16086

93



B.HUE*P.

C
BAR

5

ENGINE SPEED (10 RPfiJ

HC CONCEMTRRT I ON ( PPM)

SO HP DIESEL, FUEL 16086

94



I

I

I

CO EMISSION ( G/KWH

)

50 HP DIESEL* FUEL 16086

95



B
*M

*E

*

(BAR?

CO CONCENTRATION (%)

50 HP DIESEL * FUEL 16086

96



B

*MUE

*P

*

CBPlR)

NO EMISSION (6/KWH)
50 HP DIESEL, FUEL 16086

97



B
*M

*E

-P

•

(BftRi

NO CONCENTRATION (PPM)

50 HP DIESEL, FUEL 16086
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(BOR)

ENOINE

FOWER

(
KH

I

/

FULL LORD
PROJECTED 8 CYLINDER N.fi. DIESEL

O PROJECTED 6 CYLINDER TC DIESEL
X 6 CYLINDER 146 CID N.fi. DIESEL
+ 6 CTLINDER 130 CID N.fi. DIESEL
•*> 70 HP TC RESEARCH DIESEL
© 60 HP N.fi. PRODUCTION DIESEL

99



FULL LOAD
X 6 CYLINDER 146 CID N.fi. DIESEL
+ S CYLINDER 130 CID N.fi. DIESEL
& 70 HP TC RESEARCH DIESEL

© SO HP N.fi. PRODUCTION DIESEL

100



FULL LOAD
X 6 CYLINDER 146 CID N-A. DIESEL
+ 5 CYLINDER 130 CID N-A. DIESEL
A 70 HP 7 C RESEARCH DIESEL
® 60 HP N »A PRODUCTION DIESEL

101



CO

EniSStON

(G/KHH)

HC

EMISSION

(

G/KHH

)

FULL LORD
X © CYLINDER 146 CID N.R. DIESEL
+ 5 CYLINDER 130 CID N.R. DIESEL
* 70 HP TC RESERRCH DIESEL
© 60 HP N.R. PRODUCTION DIESEL

ENGINE SPEED (RPH)

102



NOX

EMISSION

(G/KHH)

FULL LORD
X 6 CYLINDER 146 CID N-fi. DIESEL
+ 5 CYLINDER 130 CID N.R. DIESEL
^ 70 HP TC RESEARCH DIESEL
© BO HP N.fi. PRODUCTION DIESEL

ENGINE SPEED < RPM

)

103



I
BfiR

)

ENOINE

POWER

(
KH

I

FULL LORD INJECTION TIMING

| 50 HP N.A. DIESEL 70 HP TC DIESEL

4- 2 DEG ; BEFORE TDC 42 DEG. BEFORE TDC

* 0 DEGREE 40 DEGREE

0 3 DEG. AFTER TDC X 3 DEG. AFTER TDC

104



FULL LOAD INJECTION TIMING
150 HP N.A. DIESEL 70 HP TC DIESEL

+ \z OEG . BEFORE TOC 2 OEG. BEFORE TOC
»!o DEGREE 0 DEGREE
03 DEG. AFTER TDC X3 DEG. AFTER TOC

105



HC

EMISSION

(O/KMH)

SMOKE

VISIBILITT

(

BOSCN

NUMBER

I

FULL LORD INJECTION TIMING
50 HP N.R. DIESEL 70 HP TC DIESEL

+ 2 CEO. BEFORE TDC *2 DEO. BEFORE TDC
* 0 DEGREE «0 DEGREE
<53 DEG. RFTER TOC X3 DEG. RFTER TOC

ENGINE SPEED (RPM)

106



NOX

EMISSION

IO/KHH)

CO

EMISSION

<

9/KHH

)

FULL LOAD INJECTION TIMING
SO HP N A . DIESEL 70 HP TC DIESEL

+ 2 DEO. BEFORE TOC *2 DEG. BEFORE TDC
* 0 DEGREE O DEGREE
<D 3 DEG. AFTER TDC X3 DEG. AFTER TDC

ENGINE SPEED (RPM)

107



(BAR)

ENGINE

FONER

*
KM

J

FULL LORO: FUEL KUHBER/FUEL DENSITY

© 323/0.641 «> 16140/0.834
A 1E27S/0 .840 16160/0.843
+ 16086/0.626 X S6I64/0.869
X 16120/0.817

ENGINE SPEED ! RPfl

)

1Q8



SPECIFIC

FUEL

CONSUMPTION

(O/KHH)

FULL LOAD: FUEL NUMBER/FUEL DENSITY
© 323/0-841 18140/0.834
A 15275/ 0-640 16160/0.643
+ 16086/0. 62S X. 16164/0.669
X 16120/0 .817

109



SMOKE

VISIBILITY

(BOSCH

NUMBER

)

AIR

TO

FUEL

RATIO

FULL LOAD: FUEL NUHBER/FUEL DENSITY
© 323/0. B41 f 16 110/0 .634
A 15275/0. S4G S6160/0.843
+ 16086/0.825 X 16164/0.869
X 16120/0.817

110



CO

EMISSION

(C/KWH)

HC

EMISSION

(O/KHH)

FULL LOAD: FUEL NUMBER/FUEL DENSITY
O 323/0.841 16140/0 .634
A1E275/0.640 16160/0-643
+16086/0.825 X 16164/0.869
X 16120/0 .817

ENGINE SPEED (PPM)

111



FULL LOAD: fuel
© 323/0.841
A 15275/0.840
+ 16086/0 .626
X 16120/0.817

HUMBER/FUEL DENSITY
16140/0.834

+ 16160 / 0.843
X 16164/0.869

112



ROAD LOAD
2250 LB VEHICLE

X 70 HP TC E.G.R 1
+ 70 HP TC DIESEL X
* 50 HP N.A. E.G.R.
O 50 HP N.A. DIESEL

CORVES
3000 Le VEHICLE

6 CYLINDER 180 CIO N.A.

6 CYLINDER M6 CIO TC

5 CYLINDER MS C1D N.A.

6 CYLINDER 130 CID N.A.

113



SPECIFIC

FUEL

CONSUMTION

(O/KWH

l

z 77400SCHD1 1362 1 .75 0.80 40-0

X 77400SCHL 1 1362 I .75 0.80 40.0
* 31904DR5ZS 1362 1 .75 0.80 36 .0

720Q0SCHF i 1362 1 .75 0.80 33 .

1

X 7740QSCHRB 1020 1 .75 0.77 33 .

1

+ 77400SCHL1 1020 1 .75 0.77 33.1
Al 77400SCHRR 1020 1 .75 0 • 77 27 .

8

0 77400SCHD 1 1020 1 .75 0-77 27.8

CRUISE SPEED (HPH)

114



GESCHWINDIGKEIT (KM/H)

ROAD LOAD
77400SCHA2 1020 1 .75 0.77 27.8 60 HF N . A. PRODUCTION DIESEL WITH E-G-R

o 7740GSCHR2 1020 1 .75 0 .77 33 .

1

70 HP TC RESEARCH DIESEL WITH E-G-R.

+ 77400SCHL 1 1020 1 .75 0.77 33 .

1

70 HP TC RESEARCH DIESEL 5 SPEED TRANSM

X 77400SCHL1 1020 1 .25 0-77 42.9 70 HP TC RESEARCH DIESEL
A 720G0SCHF 1 1250 1 .75 0.77 33.1 5 CYLINDER 130 CID N.A. DIESEL

© 77400 SCHD1 1020 1 .75 0.77 27.8 60 HP N • A. PRODUCTION DIESEL

115



AIR

TO

FUEL

RATIO

FUEL

ECONOMY

(MPOI

-ROAD LOAD
I 2260 LB VEHICLE

x 70 hF TC E.G.R Z
70 HF TC DIESEL X

* 60 HP N.A. E.G.R.
® SO HP N.A. DIESEL

CURVES
3000 LB VEHICLE

6 CYLINDER 160 CID N.A.
6 CYLINDER 146 CID TC

6 CYLINDER 146 CID N.A.

6 CYLINDER 130 CID N.A.

116



ROOD LORD CURVES
2260 LB VEHICLE 3000 LB VEHICLE

X 70 HP TC E.G.R
+ 70 HP TC DIESEL
* 60 HF N.fl. E.G.R.
O SO HP N.R. DIESEL

Z 6 CYLINDER 180 CID N.R.
X 6 CYLINDER 146 CID TC
4-6 CYLINDER 146 CID N.fl.

» 6 CYLINDER 130 CID N.fl.

117



HOX

EHIS9I0N

IS/HI)

CO

EMISSION

(6/MIJ

ROfiO LORD CURVES
2260 IB VEHICLE

x 70 HP TC E.0.R
70 HP TC DIESEL

* 60 HP N.fi. E.O.R.
® 60 HP N.n. DIESEL

3000 LB VEHICLE
2 8 CYLINDER ISO CID N.R.
X & CYLINDER 146 CID TC

6 CYLINDER 146 CID N.fi.

* 6 CYLINDER 130 CID N.R.

118



SPECIFIC

FUEL

CONSUUTION

(

O/KHH

)

ROAD LORD: FUEL HUflBER/FUEL DENSITY
© 323/0.641 <>16140/0.634
A 16275/0.840 +16160/0.643
+16086/0.825 X 16164/0-869
X 16120/0.617

119



AIR

TO

FUEL

RATIO

FUEL

ECONOHT

tflPOt

RORD loro: fuel muheer/fuel density
O 323/0 .64 1 ^16140/0.834
A 1 E27S/0 . 84 0 4- 16160/0.843
+ 16086/0. 825 X 16164/0 .869
X 16120/0.617

120



ROflO LORD: FUEL MUflBER/FUEL DENSITT
© 323/0 .6-4 1 16140/0.834
A 15275/0.840 16160/0.843
+ 16066/0. 625 X 16164/0.669
X 16120/0.817

CRUISE SPEED (MPH

)

121



NOX

EMISSION

(O/MI)

CO

EMISSION

10/MI)

ROAD load: fuel sjunber/fuel density
© 323/0.641 « 16140/0.834
A 1S27S/C .840 ^ 16160/0.643
+ 16086/0-825 X 1S164/0.869
X 16120/0.617

CRUISE SPEED (MPH)

122



(BPR)

50 HP N.fl. 90 C1D
FUEL CONSUMPTION (KG/H )

1372.0 SEC US-CITT TEST DPTE 07/10/76 13.47*33
TEST RESULT 615-04 0/ 7-45 MI - 38.60 MPG
SHPDED REGIONS 310-43 71-67 fl

VEHICLE .1020 KG MOSS. 0-80 SOH CW*F. 1 -75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 3

123



IBPSR)

50 HP N. 90 CID
fl I R TO FUEL RATIO
1 372.0 SEC US-CITT TEST DATE 07/10/7S 13-47.33
TEST RESULT 1372.25 5/ 7-45 HI = 19.54 MPH
SHADED REGIONS 682-8? 194-37 M
VEHICLE 1020 KO MASS. 0-60 SQM CH«F. 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/OEAR COMBINATION NO. 3

124



50 HP N.fl. 90 C 1 D

HC - EMISSION (G/H)
1372-0 SEC US-CITY TEST DATE 07/10/76 13.47.33
TEST RESULT 1 -86 0/ 7.45 MI = 0.25 G/MI
SHADED REGIONS 0-94 0.14 G
VEHICLE 1020 KG MASS. 0.80 SQM CW*F. 1 .75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 3

10 —i—i—i—r~i—i—i—m—|—i—i—i—i—|—i—i—i—i—|—i—i—i—i

—

\
—i—i—

r

fie
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Cl-

CO

-2

.4 1 I 1 I I

BOO 1000
1 l l I l I I l l l l I l 1 I I I -I 1 I J—

L

1S00 2000 2500

ENGINE SPEED (RPM)
3000 3500

125



1372.0 SEC US-CITY TEST B$TE 07/10/76 1 3.47.33
TEST RESULT 9.77 0/ 7*45 511 = 1.31 G/HI
SHRDED REGIONS 4.84 1.30 &
VEHICLE 1020 KO HASS. 0-80 SQM CW«F. 3.75 7. ROLLING DRRG
TRANSMISSION RXLE/OERR COMBINATION NO. 3

126



50 HP N.R. 90 C I

D

NOX - EMISSION C G/H

)

1372.0 SEC US-CITY TEST DATE 07/10/76 13-47.33
TEST RESULT 5-58 0/ 7-45 MI = 0-75 G/MI
SHADED REGIONS 2-82 0-60 G
VEHICLE 1020 KO MASS. 0.60 SQM CW*F. 1.75 7. ROLLING DRAG
TRANSMISSION RXLE/GEAR COMBINATION NO. 3

10 —i—i—i—i—i—i—r r~i—!—i—i—!—i—i—i—i—i—

r

i i i i r
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OO *

tk-

fiQ
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J 1 I 1 1 .1 . l ._L._L I I I I 1 I I I
I I I -L

)ClG 1000 1500 2000 2500

ENGINE SPEED ( RPM

)

3000 3500

127



(BfiR)

50 HP N.A. 90 CID
FUEL CONSUfIPTION (KG/HI
764*0 SEC HIGHWAY TEST DATE 07/10/76 14*30-52
TEST RESULT 772.33 G/ 10-25 HI = 42-30 HPG
SHADED REGIONS 397-16 83-86 H
VEHICLE 3020 KG MASS. 0.60 SQM CH*F. 2..75 7. ROLLING DRRG
TRANSMISSION AXLE /GEAR COMBINATION NO. 3

ENGINE SPEED SRPM)
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I
BAR)

50 HP N . A • 90 CIO
AIR TO FUEL RATIO
764.0 SEC HIGHWAY TEST DATE 07/10/76 14-30-52
TEST RESULT 764.25 S/ 10*25 MI = 48.28 MPH
SHADED REGIONS 386-25 73-62 M
VEHICLE 1020 KG MASS. 0-80 SOM CW*F„ 1.75 X ROLLING DRAG
TRANSMISSION RXLE/DEAR COMBINATION NO. 3

1 0
I I I I

j

I I I I
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ENGINE SPEED (RPM)

l 1

4000
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50 HP N.fl. 90 CID
HC - EMISSION CO/HI
764.0 SEC HIGHWAY TEST DATE 07/10/76 H.30.52
TEST RESULT 1.96 G/ 10*25 HI s 0*19 O/MI
SHADED REGIONS 0.99 0.21 G
VEHICLE 3020 KG MASS. 0.00 SQH CW«F. 1 .75 7. ROLLING ORHO
TRANSMISSION RXLE/OERR COMBINATION NO. 3
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50 HP N.R. 90 CID
CO - EMISSION (G/H)
764.0 SEC HIGHWAY TEST DATE 07/10/76 14.30.52
TEST RESULT 8.22 G/ 10.25 HI = 0-80 G/MI
SHADED REGIONS 4.02 0-93 G
VEHICLE 1020 KG HRSS. 0.80 SON CW«F. 1 .75 7. ROLLING DRRG
TRANSMISSION RXLE/GERR COMBINATION NO. 3

10
f I I I

j

I I I I |“1 I I

1
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I 1 i I

j

I I I I

j

I I I I

|

I T

I I
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SO HP N. fl* 90 CID
NOX - EMISSION C G/H )

76^ -0 SEC HIGHWAY TEST DATE 07/10/76 H.30.52
TEST RESULT 7*97 0/ 10.25 MI = 0.78 G/Ml
SHADED REGIONS 3-99 0.52 G
VEHICLE J020 KO MASS. 0.80 SQM CkwF. 1.75 ROLLING DRAG
TRANSMISSION AXLE/OEAR COMBINATION NO. 3

jo |-rr-n-yrm { "i rr
(

|

i T-
r-v-|--i t rvT-m r"j

_
r~r t r

4000
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(BAR)

50 HP N . ft . E -G.R

•

FUEL CONSUMPTION ( KG/H )

1372.0 SEC OS-CITY TEST DATE U/08/77 14- 21-28
TEST RESULT 562-51 G/ 7-45 MI = 41-45 MPG
SHADED REGIONS 282-20 47-57 M
VEHICLE 1020 KG MASS. 0-00 SQM CW*F, 1.75 X ROLLING QRfiO

TRANSMISSION AXLE/GEAR COMBINATION NO. 3
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B.H.E-P.

(BOR)

50 HP N«fl. E.G.R.

1372.0 SEC US-CITY TEST DfiTE 11/08/77 14.21.28
TEST RESULT 1372. 2S S/ 7.45 fll = 19.54 HPH
SHADED REGIONS 878.62 278-00 M

VEHICLE 1020 KG MASS. 0.60 SQM CW*F. 1.75 V. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 3
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I
BAR

)

50 HP N . A • E.G.R.
HC -• EMISSION ( G/H

)

1372-0 SEC US-CITY TEST DATE 11/08/77 H-21-28
TEST RESULT 2-29 G/ 7-45 HI = 0-31 G/MI
SHADED REGIONS 1-15 0-22 G
VEHICLE 1020 KG MASS. 0.80 SQM CW*F. 1.75 ‘/. ROLLING DRAG
TRANSMISSION RXLE/GERR COMBINATION NO. 3
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1S00 2000 2500 3000
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50 HP N.fi. E.G-R.
CO - EMISSION (G/H

)

S372-0 SEC US-CITY TEST DATE 11/08/77 14.21.28
TEST RESULT S3. 76 G/ 7.45 MI = 1.85 G/MI
SHADED REGIONS 6.91 1.19 G ,

VEHICLE 1020 KO NASS. 0.60 SON CW«F. 1 .75 7. ROLLIMO DRAG
TRANSMISSION RXLE/QEAR COMBINATION NO. 3
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50 HP N.fl. E -G.R-

NOX - EMISSION (G/H)
1372.0 SEC US-CITY TEST DATE 11/08/77 14-21.28
TEST RESULT 4 -IS G/ 7-45 MI = 0-S6 G/MI
SHADED REGIONS 2-06 0-50 G
VEHICLE 1020 KG HASS. 0.80 SQM CW.F. 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. S
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50 HP N.fi. E.G.R.
FUEL CONSUMPTION i KO/H

)

764.0 SEC HIGHMRY TEST BATE 11/08/77 *14-50-33
TEST RESULT 765-71 0/ 10-25 MI - 41-90 MPG
SHADED REGIONS 384-92 50-38 M

VEHICLE 1020 KO HASS. 0.00 SQM CW»F. 1.7S */. ROLLING DRAG
TRANSMISSION RXLE/GEAR COMBINATION NO. 3
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50 HP N.fl. E.G.R.
AIR TO FUEL RRTIO
764-0 SEC HIGHWAY TEST DATE 11/08/77 -14.50.33
TEST RESULT 764-25 S/ 10.25 MI r 48-28 MPH
SHADED REGIONS 384.62 99-37 M
VEHICLE 1020 KG MASS. 0.80 SOM CW*F. 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 3
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50 HP N.fl. E.G.R.
HC - EMISSION (G/H )

764.0 SEC HIGHWAY TEST DATE 11/08/77 14-50-33
TEST RESULT 5-86 0/ 10-25 MI - 0-S7 G/MI
SHADED REGIONS 2-84 0-49 G
VEHICLE 1020 KG MASS. 0-80 SQM CH«F. 1.75 7. ROLLING DRAG
TRANSMISSION RKLE/GEAR COMBINATION NO- 3

140



50 HP N.fi. E.G.R.
CO - EMISSION ( G/H )

764-0 SEC HIGHWAY TEST DATE 11/08/77 14.50.33
TEST RESULT 25.24 G/ 10.25 HI = 2.46 G/MI
SHADED REGIONS 12-52 1-89 G
VEHICLE 1020 KG MRSS. 0.80 SOM CW*F. 1.75 X ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 3
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50 HP N.ft. E *G«R

«

NOX - EHISSION (G/H)
764 .0 SEC HIGHWAY TEST DATE 11/08/77 H-50.33
TEST RESULT 3. S3 0/ SO. 25 HI = 0.34 G/M
SHADED REGIONS 1 .78 0.39 G
VEHICLE 1020 KG MR SS . 0-80 SOM CW«F, 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 3
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iBfim

70 HP TC 90 CIO
FUEL CONSUMPTION ( KG/HI
1372.0 SEC US-CITY TEST DATE S0/11/7S ll.34.S9
TEST RESULT 529.61 0/ 7-45 MI = 43.92 MPG
SHADED REGIONS 267-07 60-38 M

VEHICLE 1020 KC MASS. 0.60 SQM CW«F. 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/OEAR COMBINATION NO. 6
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(
BAR

)

70 HP TC 90 CID
filR TO FUEL RATIO
1372.0 SEC US-CITY TEST DATE 10/11/76 11 . 34.59
TEST RESULT 1372*25 S/ 7-45 HI = 19*54 MPH
SHADED REGIONS 679-50 281.75 M

VEHICLE 1020 KG MASS. 0.60 SQM CM»F. 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 6

ENGINE SPEED 1 RPM

)
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70 HP TC 90 CID
HC - EMISSION (G/H

)

1372.0 SEC US-CITY TEST DATE 10/11/76 11.34.59
TEST RESULT 1.70 0/ 7.45 MI = 0*23 G/MI
SHADED REGIONS 0.84 0*28 G
VEHICLE 1020 KG MASS. 0.80 SQM CW*F. 1 .75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 6

ENGINE SPEED (RPM)
3000
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70 HP TC 90 CID '

CO - EMISSION C G/H )

1372-0 SEC US-CITY TEST DATE 10/11/76. 11-34-59
TEST RESULT 5-39 6/ 7-45 MI = 0-72 G/MI
SHADED REGIONS 2-68 0-93 G
VEHICLE 1020 KG MASS. 0-80 SQM CH*F. 1.75 1 ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8

ENGINE SPEED ( RPM

)
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70 HP TC 90 C I

D

NOX - EMISSION (G/H)
1372.0 SEC US-CITY TEST DATE 10/11/76 11-34.59
TEST RESULT 6.00 G/ 7.45 hi = 0.80 G/hl
SHADED REGIONS 2-96 0-61 G
VEHICLE 1020 KC MASS. 0.80 SOM CW«F. 1.75 V. ROLLING DRAG
TRANSMISSION RXLE/GEAR COMBINATION NO. 8
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!
BAP)

70 HP TC 90 CID
'

FUEL CONSUMPTION (KO/H)
764-0 SEC HIGHWAY TEST DATE 10/11/76 13.03-54
TEST RESULT 688.17 G/ 10-25 HI - 46-51 HPG
SHADED REGIONS 336-02 72-69 H

VEHICLE 1020 KG MASS. 0.80 SQM CH«F. 1 .75 7. ROLLING DRAG
TRANSMISSION AXLE/OERR COMBINATION NO. 6
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70 HP TC 90 CIO
PUR TO FUEL RRTIO
764.0 SEC HIGHWAY TEST DATE 10/11/76 .13.03-54
TEST RESULT 764-25 S/ 10-25 Ml = 48-28 MPH
SHADED REGIONS 377-37 95-25 M

VEHICLE 1020 KG MASS. O-BO SQM CW«F. 1-75 V. ROLLING DRAG
TRANSMISSION AXLE/GERR COMBINATION NO. 6

149



I
BAR)

70 HP TC 90 C1D .

HC - EMISSION CG/HJ
764.0 SEC HIGHWAY TEST BATE 10/11/76 13-03.54
TEST RESULT 0-83 6/ 10.25 MI = 0-08 G/MI
SHADED REGIONS 0.43 0-05 G
VEHICLE 1020 HO NASS. 0.80 SQM CW«F. 1 .75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 6
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(
BOR

)

70 HP TC 90 CID
CO - EMISSION (G/H)
764.0 SEC HIGHWAY TEST DATE 10/11/76 13-03.54
TEST RESULT 4-16 G/ 10-25 HI - 0-41 G/HI
SHADED REGIONS 2» 02 0-50 G
VEHICLE 1020 KG MASS. 0.80 SQM CH«F. 1.75 Y. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 6

fiu
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UJ
ft

je

ENGINE SPEED (RPM)
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70 HP TC 90 CID
'

NQX - EMISSION (G/H

)

764.0 SEC HIGHWAY TEST DATE 10/11/76 13.03-54
TEST RESULT 9-49 G/ 10-25 MI = 0-93 G/MI
SHADED REGIONS 4-70 0-62 G
VEHICLE 1020 KO MASS. 0.80 SQM CW»F. 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8
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70 HP TC E.G.R. ^

FUEL CONSUMPTION (KG/HI
1372.0 SEC US-CITY TEST DATE 18/05/77 11.01.27
TEST RESULT 525*92 0/ 7. -<5 MI = -44.34 HPG
SHADED REGIONS 259.34 56*28 M
VEHICLE 1020 KC MASS. 0.80 50H CH*F . 1.75 7. ROLLING DRAG
TRANSMISSION HXLE/GEPR COMBINATION NO. 8
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!I
BOR)

70 HP IC E»G.R.
RIR TO FUEL RATIO
1372.0 SEC US-CITY TEST DATE 18/05/77 11.01.27
TEST RESULT 1372.25 S/ 7-15 MI - 19-51 MPH
SHADED REGIONS 691 . 1 2 231 .87 H

VEHICLE 1020 KG MASS. 0.60 SQM CW«F. 1 .75 7. ROLLING DRAG
TRANSMISSION AXLE /GEAR COMBINATION NO. 8
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70 HP TC E«G*R.
HC - EMISSION (G/H)
1372.0 SEC US-CITY TEST DftTE 18/05/77 11-01-27
TEST RESULT 2-21 G/ 7.45 MI = 0*30 G/MI .

SHfiDED REGIONS S - 1

1

0.17 G
VEHICLE 1020 KG MASS. 0.80 SQM CH«F. 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/OEAR COMBINATION NO. 6
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70 HP TC E«G*R.
CO - EMISSION i G/H )

'

1372.0 SEC US-CITY TEST DATE 18/05/77 1 1*01.27
TEST RESULT 10*49 G/ 7.45 HI = 1-41 G/MI
SHADED REGIONS 5.12 0-90 G
VEHICLE 1020 KO MRSS. 0.80 SQM CH«F. 1.75 Z ROLLING DRAG
TRANSMISSION RXLE/GEAR COMBINATION NO. 8
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70 HP TC E.G.R.
NOX - EMISSION (G/H)
1372.0 SEC US-CITY TEST DATE 18/05/77 11-01.27
TEST RESULT 2-40 G/ 7-45 Ml = 0-32 G/MI
SHftDED REGIONS 1-19 0-25 G
VEHICLE 1020 KO NASS. 0.80 SQM CW«F. 1-75 '/ ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 6

ENGINE SPEED (RPM)
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70 HP TC E.G.R.
'

FUEL CONSUMPTION ( KG/H

)

764.0 SEC HIGHWAY TEST DATE 18/05/77 14.21.38
TEST RESULT 671.84 G/ 10-25 MI = 47-76 MPG
SHADED REGIONS 337-47 93-14 M
VEHICLE 3020 KG MASS. 0-80 SQM CW«F. 1-75 V. RGLLINO ORAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8

158



I
BAR

)

70 HP TC E.G.R.
AIR TO FUEL RfiTIO
764.0 SEC HIGHWAY TEST DATE 18/05/77 14-21.38
TEST RESULT 764-25 S/ 10-25 MI = 48-28 MPH
SHADED REGIONS 391-75 88-87 H
VEHICLE 1020 KG HASS. 0.80 SON CH«F. 1.75 / ROLLING DRAG
TRANSMISSION RXLE/GEAR COMBINATION NO. 6
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70 HP TC E.G.R. '

HC - EMISSION CO/HI
764.0 SEC HIGHWAY TEST DATE 18/05/77 14.21.38
TEST RESULT 2. 24 G/ 10.25 Ml - 0.22 G/Ml
SHADED REGIONS l .12 0-15 0
VEHICLE 1020 KG MASS. 0-80 SQM CW*F. 1.75 7. ROLLING DRRG
TRANSMISSION RXLE/GEAR COMBINATION NO. 8
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70 HP TC E .G.R

•

CO - EMISSION i G/H

)

764.0 SEC HIGHWAY TEST DATE 18/05/77 ‘14.21-38
TEST RESULT 14.22 G/ SO. 25 MI = 1.39 G/MI
SHADED REGIONS 7-18 1.46 G
VEHICLE 1020 KG HASS. 0.80 SOM CW*F. 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8
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70 HP TC E.G.R.
NOX - EMISSION i G/H

)

764.0 SEC HIGHWAY TEST DATE 18/05/77 14.21. 38
TEST RESULT 2-49 0/ 10-25 MI = 0.24 G/HI
SHADED REGIONS 1-23 0=15 G
VEHICLE 1020 KO MASS. 0.80 SQM CW«F. 1.75 ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8
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(
BRR

)

S CYL. N . ft • 130 CIO
FUEL CONSUMPTION (KG/H)
i 372-0 SEC US-CITY TEST DATE 15/09/76 15.27.40
TEST RESULT 670.11 0/ 7.45 MI = 35.05 MPG
SHADED REGIONS 337-91 56-98 M

VEHICLE 1362 KG MASS. 0.80 SOM CWkF. 1 .75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8
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B.M.E.P.

IBRR)

5 C YL ® N.R. 130 C1D
PI I R TO FUEL RRTIO
1372.0 SEC US-CITY TEST DATE 15/09/76 15.27.40
TEST RESULT 1372-25 S/ 7-45 MI = 19.54 MPH
SHADED REGIONS 688-75 229.87 SI

VEHICLE 1362 KO MOSS . 0.80 SOM CW«F. 1.75 '/. ROLLING DRAG
TRANSMISSION RXLE/GEAR COMBINATION NO. 8
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5 CYL . N.fi. 130 C1D
HC - EMISSION ( G/H )

1372.0 SEC US-CITY TEST DATE 15/09/78 15-27.40
TEST RESULT 2-35 0/ 7.45 HI = 0.32 G/MI
SHADED REGIONS 1.19 0-23 G

VEHICLE 1362 KG MASS. 0.60 SQM CW*F. 1 .75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8
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5 CYL. 130 C 3 D

CO - EMISSION i G/H I

1372.0 SEC US-CUT TEST DOTE 15/09/76 15.27.40
TEST RESULT 17*44 0/ 7-45 MI = 2-34 G/fll

SHADED REGIONS 8*61 2-03 G
VEHICLE 1362 hO MASS. 0.80 SQM CH*F. 1.75 V. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8
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I
BOR)

5 CYL. N.fi. 130 CID
NOX - EMISSION ( G/H

)

1372.0 SEC US-CITY TEST DRTE 15/09/76 15*27.40
TEST RESULT IS *13 G/ 7.45 HI = 1*49 G/HI
SHADED REGIONS 5*56 1*10 G
VEHICLE 1362 KG MASS. 0.80 SQM CH*F„ 3.75 / ROLLING DRAG
TRANSMISSION AXLE/GERR COMBINATION NO. 6

Cu
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zz

to

ENGINE SPEED (RPM)
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I
BAR)

5 CYL. N«fi. 130 CID
FUEL CONSUMPTION C KG/H

)

764.0 SEC HIGHWAY TEST DATE 15/09/76 15 . 49-37
TEST RESULT 810-15 G/ 10-25 HI = 39.89 MPG
SHADED REGIONS 409.52 93.46 H

VEHICLE 1362 KG NASS. 0.80 SQM CW*F. 1.75 '/. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8
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I
BOR)

5 C YL . N.fl» 130 C I

D

R 1 R TO FUEL RRTIO
764-0 SEC HIGHWAY TEST DATE 15/09/76 15.49*37
TEST RESULT 764.25 $/ 10-25 MI = 48-28 MPH
SHADED REGIONS 389-37 78-25 M

VEHICLE 3362 KG MASS. 0-60 SQM CW»F. 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 6
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5 C YL . N.fl. 3 30 CID
HC - EMISSION (G/H

)

764.0 SEC HIGHWAY TEST DATE 15/09/76 15-49.37
TEST RESULT 4-90 0/ 10-25 Ml = 0-48 G/MI
SHADED REGIONS’ 2-45 0-53 G
VEHICLE 1362 KG MASS. 0-00 SQM CW»F. 1.75 7. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 6
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5 CYL. N.fl. S 30 CID
CO - EMISSION i G/H

)

764.0 SEC HIGHWfiY TEST DftTE 15/09/76 15.49.37
TEST RESULT 23-43 0/ 10.25 MI = 2-29 G/MI
SHOOED REGIONS 11.70 2-10 6
VEHICLE 1362 KG MRSS. 0.80 SQM CW*F. 1.75 Y. ROLLING DRAG
TRANSMISSION AXLE/GEAR COMBINATION NO. 8
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S C YL • M.fi. 130 CID
NOX - EMISSION (G/H

)

76-4 • 0 SEC HIGHWAY TEST DATE 15/09/76 15.49.37
TEST RESULT 14.72 G/ 10.25 MI = 1.44 G/MI
SHADED REGIONS 7-09 1.20 G
VEHICLE 1362 KO MASS. 0.80 SOM CH«F. 1-75 Z ROLLING DRAG
TRANSMISSION AXLE/QEAR COMBINATION NO. 8
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Noise

Level

(
D
B(
A)

)

NOISE EMISSION

GOLF 0 NO. 1 WITH 50 HP PRODUCTION DIESEL

Idle Noise 79 dB(A) exterior

58 dB(A) interior

Left Vehicle Side Right Vehicle Side
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Noise

Level

(DB(A)J

NOISE EMISSION

EQLF D NO. 2 WITH SO HP PRODUCTION DIESEL

Idle Noise 79 dB(A) exterior

56 dB(A) interior

Left Vehicle Side Right Vehicle Side
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Vehicle Path {ft]
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Constant

Speed

Full
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Acceleration





Noise

Level

(
D
B(
A)

)

NOISE EMISSION

GOLF D NO. 4 WITH 50 HP PRODUCTION DIESEL

Idle Noise 80 dB(A) exterior

54.5 dB(A) interior

Left Vehicle Side Right Vehicle Side
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Constant

Speed
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Noise

Level

(D
B(
A)

)

NOISE EMISSION

GOLF D NO. 5 WITH 50 HP PRODUCTION DIESEL

wet surface

Idle Noise 81 dB(A) exterior

56 dB(A) interior
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Noise

Level

(
D
B(
A)

)

NOISE EMISSION

GOLF D NO. 6 WITH 50 HP PRODUCTION DIESEL

wet surface

Idle Noise 81 dB(A) exterior

55 dB(A) interior
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Constant

Speed
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Noise

Level

(DB(Al)

NOISE EMISSION

GOLF LD NO. 1 WITH 50 HP PRODUCTION DIESEL

Idle Noise 79.5 dB(A) exterior

54 dB (A) interior

Left Vehicle Side Right Vehicle Side
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Speed
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Noise

Level

(D
B(
A)

)

NOISE EMISSION

GOLF ID NO. 2 WITH 50 HP PRODUCTION DIESEL

Idle Noise 81 dB(A) exterior

53.5 dB(A) interior

Left Vehicle Side Right Vehicle Side
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Vehicle Path (ft)
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Constant

Speed
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Noise

Level

(DB(Al)

NOISE EMISSION

GOLF GLD NO. 1 WITH 50 HP PRODUCTION DIESEL

Idle Noise 78.5 dB(A) exterior

Left Vehicle Side Right Vehicle Side
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Constant

Speed

Full

Load

Acceleration



Noise

Level

(DB(A))

'NOISE EMISSION

QOIF 6LD NO. 2 WITH 50 HP PRODUCTION DIESEL

Idle Noise 83 dB(A) exterior

55,5 dB(A) interior
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Noise

Level

(
D
B(
A)

}

NOISE EMISSION

GOLF GLD NO. 3 WITH 50 HP PRODUCTION DIESEL

on wet surface.

Idle Noise 80 dB(A) exterior

54 dB(A) interior
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Noise

Level

{
D
B(
A)

)

NOISE EMISSION

GOLF LD WITH 70 HP TURBOCHARGED DIESEL

Gunfire background

Idle Noise 79.5 dB(A) exterior

Left Vehicle Side Right Vehicle Side
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Noise

Level

(D
B(
A)

)

NOISE EMISSION

GOLF GLD WITH 70 HP TURBOCHARGED DIESEL

Gunfire background

Idle Noise 79.5 dB(A) exterior
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APPENDIX B

REPORT OF NEW TECHNOLOGY
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The work performed under this contract, while leading to no new

inventions has provided a detailed characterization of the engines studied

with emphasis on fuel economy, emissions and driveability.
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